Agility in supply chains is critical for competitive advantages as it helps to explore and exploit opportunities in fast changing markets. Firms are increasingly dependent on information technology (IT) for supply chain management as a competitive tool to facilitate such agility. However, little research has been done on the role of IT on supply chain agility. The paper aims to address this gap by further investigating how IT applications affect supply chain agility. We propose that IT infrastructure integration, consisting of data consistency and cross-functional application integration is critical to achieve agility as various integration processes in agile supply chains can be hampered by fragmented IT infrastructures which enable information flow and coordination activities across function units and network partners. We further illustrate IT infrastructure integration impacts on agility in various operational dimensions, such as speed, flexibility across the supply chain.
Introduction
Agility in the supply chain is critical for competitive advantages as it helps to explore and exploit opportunities under time-to-market pressures, and seeks to provide prompt response to customer requirements at an acceptable cost. It has gained the significant attentions from both academics and practitioners currently [1] [2] [3] and it has been a main objective for leading companies [4] .
Firms are increasingly dependent on information technology (IT) for supply chain management as it can help to reduce cost, shorten product life cycle and increase information visibility across supply chains [5] . IT is also recognized as an important role in supply chain agility, as Breu et al [6] ague that 'information systems are seen to assume a fundamental role in developing agility'. Particularly, in pursuing of supply chain agility, various integration processes can be hampers by fragmented IT infrastructure which enables information flow and coordination activities across functional units and network partners [7] .
Despite the critical role of IT that has been identified in supply chain management [3, 8] , theoretical and empirical research pertaining to the impacts of IT infrastructure on supply chain agility has been limited. We draw the concepts from related literatures on IT infrastructure, supply chain agility and supply chain operations to develop key constructs and relationships. We focus on the critical factors of IT infrastructure for supply chain agility which consists of various integrations, and the impact of IT on agility. More specifically, we address the following questions: 1) What are the values of applying IT in supply chain agility? 2) How does IT infrastructure impact supply chain agility?
The paper is organized as follows. Section 2 presents a review of literature on supply chain agility and the relationship of IT with agile capabilities of supply chain management, while section 3 proposes our framework and relevant propositions. The paper closes with theoretical and managerial implications.
Literature Review
Supply chain management (SCM) is moving from vertical integration to horizontal integration, involving inter-firm integration and extensive outsourcing to achieve efficiency [9] . Within the time-based competition, agility is becoming important as it is about 'customer responsiveness and mastering market turbulence' [9] . Goldman et al. [10] identified four basic dimensions of agility: enriching customers, cooperating to enhance competitive advantages, organizing to master change and uncertainty and leveraging the impact of people and information. The definition provides a basic conceptual view with the relevant elements of agility, stressing the responses to changes and capturing changes as opportunities [11] .
In the context of supply chain, agility lies in the same theoretical premises as agile manufacturing [12] . More specifically, Aitken et al. [13] propose a three-level model with key principles to agile enterprises from rapid replenishment, lean production and organizational agility to individual action. In the research of van Hoek et al. [9] , four dimensions of agile supply chain have been identified, which are customer sensitivity for a customer oriented supply chain; virtual integration to leverage information across supply chains; process integration to master changes through focusing on core competencies and network integration to coordinate with partners [ 1, 9] . Many studies have shown that the integration of supply chains at a multi-enterprise level can create competitive advantages and improve the overall performance [17, 18] .
In the case of automotive industry, the supply chain is characterized by complexity, uncertainty and heterogeneity [15] . A large number of studies illustrate the strategic importance of agile manufacturing [11, 16] . Specifically, in the automotive industry supply chain which is heavily dependent on the whole supply chain, a single agile manufacturing enterprise may have difficulties responding rapidly to changing market requirements due to limited resources [15] .Employing an IT system that links customers and suppliers at various stages through real time communication and information exchange may enable innovative and cost-effective product design [17] .
IT plays a key role on the various integration processes as synchronizing suppliers in the network by providing real time information [17] . Therefore, through the agile capability to realize operation on actual demand, information should be instantly available through information sharing and exchange and organizations are designed for maximum efficiency during integration processes [14] . A bulk of literature has addressed the benefits of IT on SCM from direct operational benefits to the creation of strategic advantages [19, 20] . Levary [19] illustrates several implications such as product cycle time. Meanwhile, suppliers may provide better collaboration with an OEM due to the IT applications [10] . In particular, when agility is needed, IT is of particular importance [21] .
However, the integration processes in supply chains can be hampered by the fragmented IT infrastructure, which enables information flows and coordination activities across functional units and network partners. A well-integrated IT platform is not only the individual physical parts as it requires the standards for integration of data, applications, and processes to realize the information flow [22, 23] . The two construct important to IT infrastructure are data consistency which should enable the process integration [20] including the information flow by defining key entities to realize information sharing, and cross-functional application integration which enables the management of the supply chain-related processes and realizes the ability to interface with supply chain applications among partners in real time [23] .
Research Model and Propositions
In agile supply chain, customer sensitivity emphasizes customers and markets, including customer-focused logistics and rapid response. Supply chains are becoming demand-driven rather than forecast-driven in order to effectively respond in real-time demand. With IT infrastructure integration, supply chain partners can capture data on demand, thus leading to customer-focused supply chains [1] . Thus we propose that, P1a IT has a positive impact on responding to changes in production and services P1b IT has a positive impact on the responsiveness of processing market demands on new products
It is critical to leverage the strengths and competencies of partners to realize fast responsiveness to market requirements [1] , which is called network competition. This can be interpreted as a company's dependability on its partners. This research regards dependability as coordinating with partners while focusing on their own competencies through network integration. Thus we propose that, P2 IT increases the degree of dependability among partners in the supply chain Process integration is related to uncertainty across the supply chain, placing emphasis on self-management teams so that core modules of products can be delegated. Alliances among various suppliers, manufacturers and customers will be inevitable [24] .Therefore, while focusing on their own competencies, companies are much more likely to increase product variety and improve the ability to handle orders with special requirements. Thus we propose that P3 IT improves product and volume flexibility along the supply chain Virtual integration emphasizes on leveraging people and information along the supply chain. Information gathering and dissemination [26] are two important attributes towards organizational learning, a key dimension for SCM, given the complex and often dynamic nature of SCM [27] . Due to IT enhanced connectivity, individuals can share their own interpretations of information to make consensusfocused development more efficient. Thus we propose that, P4 IT positively impacts on information acquisition and dissemination of organizational learning.
The model in Figure 1 indicates the operations impact of IT on agile capabilities of the supply chain. 
Case Study
We conducted multiple case studies in Chinese automotive companies, where firms pursue effective operations to meet rapid growth and demanding customers in which supply chain performance plays a crucial role on sustaining competitive advantage. Semi-structured interviews were deployed in order to gain an in-depth understanding of the broader organizational patterns of information technology applications and their relation to supply chain agility, and a survey used to test propositions.
Case Background
The studied companies are operating in a volatile and competitive market as customers are increasingly demanding with changing needs which is relevant to Goldman et al [10] description of agility.
The OEM (A) is one of the biggest auto manufacturers in China with its own R&D. The company is facing the multi-market competition from Japanese, Korean, American and European auto makers. However, the company seeks for the emerging market and can lunch new models with good quality and low cost in short time based on market demands. It has a close relationship with its suppliers on the product design and development.
The 1 st tier supplier (B) is a manufacturer of automotive seating systems for various auto makers. According to the CEO, the automotive industry is driven by cost and there are increasing pressures and constant changes in customer requirements. At present, the company hopes that the OEM can provide the technology to realize real time communication and information exchange in order to improve the overall supply chain performance.
The 2 nd tier supplier (C) is manufacturing the foams for the automotive seating system and has the competitive advantage on the production processes in China, although it is a relatively new entrant (2 yrs). They have a close link with its customers across this chain, as it has already involved in the new vehicle model R&D process in OEM. On the other hand, it has already realized the inventory share with some customers through IS integration to establish a close relationship with customers at the strategic level, according to the CEO. Table 2 provides details of the IT employed in each company. In Company A, they develop ERP cooperated with third party. IT is based on the standard ERP solution with the features presenting their own business characteristics. The data are consistent across departments to ensure information flow. Accordingly, Company B is using a standard ERP system. However, due to the lack of management skills and relevant knowledge, finance department needs to entry all data manually. Therefore, it increases the data inaccuracy in the business process. As for Company C, due to the business increasing in terms of customers, they find that MRP can not fully support the business.
IT Applications in the Companies
There is only one way connection from Company A to B through the platform A established for supplier management to delivery monthly, weekly and daily planning so that Company B can produce their manufacturing schedule and procurement planning. Company A is considering of building up a real time information exchange system and share with suppliers, but the problem is whether suppliers would like to share their information.
Only email communication set up among Company B and C, which constrains overall performance. The CEO of Company B acknowledged the company's need for a closer electronic interaction with the suppliers to increase overall competitiveness. 
Operational Impact of IT
The interviewees from the above three companies concluded that the impacts of IT applications are significant on the operational dimensions. As one senior manager from logistics department described, 'without IT, all the operation processes will be in a mess'. Responsiveness In Company A and C all departments share information so as to make the fluent information flow so as to improve the responsiveness of the change and the process from downstream/upstream. Considering the lack of knowledge on IT applications, the company found that without integrated IS, it threats data accuracy which affects the responsiveness of the business processes. The CEO of Company B agreed that through the portal of SRM they have coordinated planning mechanisms and process alignment across the corporate boundaries due to the IT connectivity. However, the demand information is restricted to suppliers; suppliers can not get any information directly from end-customers to schedule their manufacturing. Therefore, because information on end-customer requested change is delayed from the OEM to the suppliers, the latter have limited time to re-schedule their daily manufacturing. The findings indicate that companies are moving towards a more integrated supply chain in order to have the competitive advantages of the overall supply chains, but so far at a slow rate. Dependability Under the dynamic and changing markets, it is difficult for companies be responsive. Coordination is becoming critical. As in this case, suppliers are increasingly involved on collaborative working product design, and can focus more on their competencies.
However, results from the survey show that IT does not have a great impact on a single supplier on each sourced product as most interviewees pointed out that IT facilitates the connection between partners through the information share process, such as planning and inventory. For example, suppliers are planning their manufacturing schedules based on OEM plans. With instant access to the OEM's manufacturing execution schedule (which is updated every two hours) it is easier for the suppliers to operate an outbound JIT system and have lower inventory levels than before the IT integration. Being in an industry driven by cost, company A engages into several collaborations with various suppliers for each product sourced. Flexibility The findings suggest that IT has a great impact on the realization of product and volume flexibility, because of the visibility IT provides. As the CEO from Company B remarked, the flexibility of volume, products and delivery time is really important. However, the company needs to have the ability to handle non-standard orders at the shop floor. Therefore, the company is working on improving operations flexibility.
Organizational learning Given high information availability among partners, it is imperative to achieve technology integration throughout the supply chain by adopting EAI or EDI systems to provide employees with high information availability.
Discussion and Conclusions
The exponential increase of corporate investment on IT suggests a strong impact of IT applications on reshaping and improving firm capabilities. However, it has been recently argued that IT cannot create value in a vacuum, as illustrated by the significant failure of IT firms to create sustained growth in high technology markets [29] . In this paper, we investigate indirect links of IT and corporate value creation. In doing so, we focus on supply chains, and more specifically on supply chain agility. Our research is motivated by the importance of IT on supply chain agility in complex manufacturing environments such as the automotive industry. We develop a conceptual model to address the theoretical gap of IT, supply chain agility and value creation.
This paper has several theoretical and practical implications. First, we extend the current literature of IT and supply chain agility by investigating the impact of IT and the possible ways of realizing value. Moreover, we highlight the role of IT as a platform for various integration processes in an agile supply chain and the direct link among IT application, agility and operational drivers.
Second, we lay the theoretical ground for applying IT to achieve supply chain agility. This paper illustrates how IT applications affect specific operational drivers on achieving agility. Furthermore, we provide an integrated perspective of IT and supply chain agility and illustrate how to leverage IT applications along agile supply chains to improve its responsiveness, dependability and flexibility.
In terms of management practice, we found that the succesfull application of IT systems across the supply chain it is not dependent on the technology adopted throughout per se, but rather the continuous engagement of trading partners. As one senior manager points out "sometimes it is not technology problems, but that the suppliers do not want to share their inventory". Furthermore, our case study findings suggest that the information flow across the supply chain was limited. We suggest that low information transfer among partners may impede several operational capabilities, such as flexibility. Last, we found a misalignment between existing IT management practices and applications being implemented. Put it differently, we suggest that managers should steer considerable effort towards efficient data integration and analysis in order to gain from the implementation of complex IT systems. Under this stream, we raise managerial attention to further training of efficient IT management.
